We discuss the possibility of same-sign dileptons as a signature for Majorana neutrinos. The production mechanism is given by a single heavy neutrino production and decay pp −→ l ± N X −→ l ± l ± X ′ . Cross section and distributions are presented for the LHC energies.
In many extensions of the standard model such as left-right models, SO (10) and E 6 models we have the possibility of new heavy neutrinos [1] . Heavy neutrinos are expected to play a central role in the understanding of the mechanism responsible for small masses for standard neutrinos. In the near future, direct neutrino detection with masses of a few TeV are feasible only at CERN high energy proton-proton collider LHC.
In this paper we turn our attention to the possibility of the production of a single heavy Majorana neutrino at the LHC energies. The case of pair production is also possible and it was studied same time ago [2] . There is a recent experimental search for pair production of heavy neutrinos at LEP 1.5 with negative results [3] . We would like to call attention that in most cases it was considered the possibility of a fourth generation heavy neutrino with standard couplings to the Z 0 . But this is not the only possibility. If we also have mixing betweeen light and heavy states in the same family, then the NNZ vertex is suppressed by a factor sin 2 θ mix . On the other hand, vertices of the typeνNZ, eNW are suppressed only by sin θ mix . We have then the more interesting possibility of single heavy neutrino production.
In see-saw models the light-to-heavy mixing is too small to give detectable effects but there are other possibilities. We can have models with new heavy neutrinos with a mixing angle which is independent of mass ratios. This is the case for models with more than one isosinglet right-handed neutrino [4] or in unified theories with B-L breaking [5] . In order to fix notation we add right-handed neutrino components to the standard families,
For the eigenstates,
the mass matrix has the form:
One can diagonalize this matrix by a unitary matrix U, such thatM = U T MU = (diagonal, real). The mass eigenstates are written as combinations of interacting states:
where "n" is the family index. The mass matrix can be diagonalized by blocks [6] through the matrix product:
where
R and V 1 , V 2 are unitary matrices. In the see-saw mechanism M R is very large and the standard neutrinos are very light. In this case the mixing parameters become very small. An alternative point of view is to have some singular mass matrix [4] , [7] . This implies in a nearly zero eigenvalue for the known neutrinos masses and the mixing angles are free parameters, fixed from phenomenological constraints. Then the mixing parameters for light to heavy leptonic transitions can be large even if the neutrino mass spectrum contains very light and heavy states.
The lagrangians relevants for our purpose are:
and
where we call l i the usual charged leptons, ν i the light neutrinos and N i the heavy neutrinos. In order to have a general situation we consider the mixing of an "electrontype light neutrino" and a new heavy Majorana neutrino with a mixing parameter fixed only by phenomenological consequences [8] . The most stringent bounds come from the LEP data on the Z 0 properties [9] . They are consistent with a bound of the order of sin 2 θ mix < 10 −2 − 10 −3 . Single heavy neutrino can be produced via:
We can also have same-sign electrons in pair production of heavy Majorana neutrinos
but supressed by a term sin 4 θ mix . If the heavy neutrino comes from the muon family we will have a same-sign dimuon in the final state.
For reaction (8) one straightforward calculate [10] Drell-Yan cross sections. For Majorana neutrinos we have the charged current decay N −→ l ± W ∓ . This gives a very clear final signature with two same sign charged leptons in the final state. The final signature for heavy neutrino decay with the highest branching ratio will be given by the hadronic channel N −→ l ± W ∓ −→ l ± + hadrons. This is an interesting signature because there is no missing energy in the final state, and hadronic jet must have an invariant mass of M 2 W . We have calculated cross sections and distributions using standard Monte Carlo methods. We show in figure 1 the total cross section at LHC energies for single heavy neutrino production. We employ the Gluck-Reya-Vogt parton distributions functions [11] . If we consider an annual luminosity of 100 f b −1 and a rate of 10 events/year as feasible we see that LHC can detect Majorana neutrinos with mass up to 1.4 TeV. Of course this is tied to a mixing angle of 10 −2 . For the more stringent bound on the mixing angle sin 2 θ mix = 10 −3 we can reach masses up to 800 GeV. If no such neutrino is found this result can improve considerably the forbidden mass-angle region. There is an important effect on the total cross section due to the phase space for single heavy neutrino production. This is most clearly show in the variable τ = x 1 x 2 =ŝ s . The dominant region is at small τ and the kinematical threshold for single production at M 2 N implies a larger cross section relative to pair production with threshold at 4M 2 N . This is shown in figure 2 . In figure 3 we show the primary lepton angular distribution. We call θ 1 the angle of the outgoing lepton with the beam. For lighter neutrino mass it is peaked in the beam direction. As the heavy neutrino mass increases, this effect becomes smaller. The secondary lepton angular distribution follows the same pattern. In order to check if the cross section is still significative after an angular cut in the beam direction, we impose an angular cut for all the final particles (leptons and hadrons). The fraction of the signal outside this cone is shown in figure  4 .
The most favored final signature will be l ± l ± hadrons, with the hadronic jet showing a high P T distribution peak around M N 2 as shown in figure 5 . In conclusion we have shown that the same-sign dileptons at the LHC energies can give a clear signal for heavy Majorana neutrinos with masses in the region of a few hundreds of GeV up to 1.4 TeV. The hadronic P T distribution gives a precise determination of the heavy neutrino mass.
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Figure Captions • 2.a Tau distribution for a single heavy Majorana neutrino.
• 2.b Tau distribution for a pair of heavy Majorana neutrinos.
• 3. Angular distribution of the primary lepton relative to the beam axis.
• 4. Total cross sections with an angular cut on the dileptons and hadronic jet.
• 5. Hadronic P T distributions for several heavy neutrino masses.
